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ABSTRACT

Fluorescent particle tracer experiments have been conducted

to study the dispersion processes in the north-alpine Loisach

River Valley for a variety of meteorological conditions in-

cluding inversion cases. This report summarizes the details

of the experiments and presents all results, in particular

the particle concentrations measured at various downwind loca-

tions by H-shaped Rotorod samplers together with the relevant

meteorological conditions,in tabular form. The report is in-

tended to serve as a data base for further analysis.

1 . INTRODUCTION

1.1. General

This Data Report is preceded by four reports (see list of

reports on the Loisach River Valley tracer field studies page

19), containing first the geographical conditions under which

the field experiments took place, further the technical equip-

ment used in operation, and finally step by step the first

results of the tracer experiments and of simultaneously per-

formed meteorological measurements. Some theoretical evalua-

tions have likewise been reported.

The purpose of the present Data Report is to describe the

experimental design - following the survey of literature

relevant to our subject (1.2.) - and to present all measured

data in tabular form according to a uniform scheme, thus allow-

ing interested research groups to readily use our data for

further treatment.

This data collection is preceded by:

i. a detailed description of the topography of the

terrain where the measurements have been made;

ii. experimental particulars of the tracer material,

of the aerosol generator and of the samplers used;

iii. Guide for the use of the data compilation.
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We intend to process the present data theoret--cally in a

separate, additional study (aftcr submission of a proposal)

within the frame of an extended Gaussian model.

At this point the first author wishes to point out that the

feasibility of the experimental study was based on two

requirements:

1. The interest of the research group at US Army Dugway

Proving Ground, Utah (later White Sands Missile Range) where

we are particularly indebted to Don L. Shearer as initiator

and Mr. H.E. Cramer,and

2. the existence of an isolated and centrally located hill

(peak 300 m above the valley floor) at the opening of the

Loisach Valley to the pre-alpine region. This hill enabled

us to operate on its peak the aerosol generator provided to

us by the US Army Dugway Proving Ground and to release the

aerosols downwind into the valley.

I should like to express my sincere thanks for any kind of

help rendered to uo, especially for many fruitful discussions

at the Dugway Provag Ground.

1.2. Survey of Literature with Conclasions as to the Concept

of our Studies in the Loisach Valley

Describing the short-term dispersion of air pollutants the

most widely used concept relies on the Gaussian plume model

(e.g. Stern et al., 1973) and, alng with this, on appropriate

'turbulent diffusion-typing schemes' (more recently reviewed

by Gifford 1976 a,b). Since this semi-empirical approach

largely depends on stationary and horizontal homogeneous flow

patterns, its successful use is preponderantly restricted to

flat terrain, where those well-behaved air currents are gov-

erned 'to a good degree by the pressure, Cori.lis, frictional

and buoyancy forces' (Kao et al., 1974).
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In mountainous terrain, however, a large variety of thermally

and orographically induced 'local windsystems' (e.g. Defant

1951; Flohn, 1969; Yoshino, 1975) may additionally develop,

and the complexity of these terrain-dominated flows often de-

grades predictions by the Gaussian plume model (or comparable

assessment techniques) to those of minor or minimal credibility.

There is an urgent need, therefore, to develop appropriate

terrain-related diffusion and transport models and, in sup-

porting this, to intensify the experimental research on

'terrain-induced airflow phenomena' (Barr et al., 1977).

Of special interest in this connection are tracer field

studies. Very valuable insights into the plume behavior,

especially in the case of deep canyons, have been gained so

far by Start et al. (1974, 1975), Hovind et al. (1974) and,

more recently, by Archuleta et al. (1978). Start and co-

workers, e.g., when comparing measured canyon dilutions with

'standard flat terrain curves' (according to the usual

Pasquill-Gifford (PG) categories), found the observed con-

centrations systematically lower, with differences ranging

from a factor of 1.4 (during moderate to strong temperature

lapse, B category) to about 5 (for neutral stability, D

category) to 15 (during strong inversion stabilities, F cate-

gory). Similar departures are reported by Hovind et al. for

'the canyon site A' with the respective factor amounting to

about 10 for conditions of category F ('stagnation conditions'

in the winter), see also Gifford (1976a). Some controversy

has been raised by Tank (1976),who, in reexamining the results

of Start et al. (1975), demonstrated the D category classi-

fied cases to be better represented by conditions 'interme-

diate to C and D stability' and who succeeded in showing 'a

near perfect (in a statistical sense) agreement between theory

and observation' when the appropriate version of the Gaussian

plume model is applied to the data. According to Tank this

agreement is not too surprising when considering that 'only

I 

ILI I H 
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those disturbances of scales comparable to, or less than,

the dimension of an actual effluent plume can contribute

to plume diffusion', or when realizing that enhanced diffu-

sion rates may only be expected if 'topographically induced

flow disturbances can actually begin to participate in the

diffusion process'

In intermediate topographic settings, e.g. in case of mountain-

vally terrains, well-ordered airflow patterns with narked

divergence fields may be involved in the dispersion. This has

been particularly well demonstrated by Kao et al. (1974), who

investigated the windfield in the Salt Lake Valley area and,

in this frame, studied the propagation of 'marked air parti-

cles' (by trajectory analysis methods). Kao et al. found the

rate of diffusion varying in time and space within a mean

motion strongly affected by the mountain-valley winds. Thereby,

horizontally convergent flow has been ascertained with mountain

winds, and horizontally divergent flow with valley winds.

Fosberq et al. (1976) also point to this topic and propose a

'divergence correction' to be applied to the Gaussian plume

model. The authors show that for realistic estimates of the

'toposcale' divergences this term would reduce the concentra-

tion maximum by a factor of more than 2. Reid (1979), who

studied the propagation of ice nuclei in the Eagle River Valley

near Climax (Colo.) during winter months, draws attention to

the frequent occurrence of 'shallow diabatic flows' developing

under very stable conditions ('capping inversions') and, with

regard to these conditions, doubts the successful applicabil-

ity of the Gaussian models to 'mountain-valley dispersion

problems'. The special behavior of temperature structures in

a deep mountain valley (Gore River Valley near Vail, Colo.),

especially the destruction of the ground-based inversion

after sunrise, has been investigated by Whiteman and Mc Kee

(1977). The importance of the observed 'descent of the top

of the inversion' with regard to the dispersion of air pollu-



tants has been elucidated by the same authors in a more

recent paper (Whiteman and McKee, 1978). Therein, a new model -

relying on the 'inversion descent hypothesis' - is described,

which allows the prediction of the time-dependent concentra-

tion along the sidewalls, and which is a promising attempt

to consider well-founded results on the matutinal break-up

mechanism of nocturnal ground-based inversions.

Although considerable progress in understanding the funda-

mental processes in mountain diffusion meteorology has thus

been achieved in recent years, there is a definite lack of

specific tracer field studies especially in 'normal',

medium-sized, mountain valleys.

The Loisach River Valley, with the Institute for Environ-

mental Research being located near its head, belongs to this

type of valley. It is U-shaped, 20 km long and 2 km wide and

is located approximately 100 km south of Munich (Figure 1).

It is characterized by a distinct mountain-valley wind system

(Reiter, 1965), with daytime north-eastern (NE) up-valley

winds and nighttime south-western (SW) down-valley winds.

During the period between May 1975 and July 1976, fourteen

diffusion experiment were carried out in this area. Fluores-

cent particles were used as atmospheric tracer and an array

of H-shaped Rotorod samplers as collecting system. The plan

to accomplish tracer measurements has been considerably pro-

moted by the existence of an isolated hill (300 m abg) in the

immediate vicinity of the valley entrance (Figure 3), an

unique topographical feature inviting to release the tracer

from its top. With the tracer released at the valley entrance

our pr.mary objective has been to investigate the aerosol

transport along and across the valley under a variety of

characteristical, but different, meteorological up-valley

wind conditions.

Generally, most: samplers were installed at various downwind
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locations at the valley floor, in several cases, however,

some few devices were also run at selected mountain sites

(Wank peak and sites labeled by roman numbers (I - VI) in

Fig. 1).

For each experiment comprehensive meteorological information

was provided: i) by the permanent meteorological measuring

facilities at the Institute (indicated by an 'I' in Fig.1)

and the surrounding high mountain observatories Wank and

Zugspitze; ii) by special pibal tracking (windfield) and

radiosonde ascents (temperature) at several locations in the

valley prior to, during and after each experiment (the arrange-

ment may be seen from Fig.4). Cloud cover, radiation conditions

and other relevant parameters were also included to gain

further insight into the diffusion meteorology.

2. SITE DESCRIPTION

The topographical features of the Loisach River Valley suggest

a distinction of the main valley into two parts (Fig.1):

The northern part extends from the northern end of the

Garmisch basin to the Hbhenberg 'release' mountain (indicated

by an 'H' in Fig.1). Length, width, and relative ridge-height

of this SSW-NNE oriented section amount to 10 km, 1800 m and

1000 m, respectively. The valley widens immediately north of

the Hbhenberg and then enters the 'Murnauer Moos' fen or the

Bavarian pre-alpine region in a funnel-shaped way.

The Garmisch basin may, on the other hand, be conveniently

defined as the area enclosed by the 800 m contour-line and

the line segment Wank-Kramer. Hence, the Garmisch basin shows

a considerably deviating direction, it runs from WSW to ENE,

is 7 - 8 km long and approximately 2 km wide. In the south it

is surmounted by several ranges of the Wetterstein massif
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with the Zugspitze ( 3000 in a.s.l.) being its highest peak.

Since tho main ridge raises to 2600 m height or almost 2000 m

above t:.< valley floor, the southern ranges are by far the

highest of all surrounding mountain chains including those

of the Kramer complex in the northwest.

The walls of the main valley are forested up to the timber-

line at about 1700 m a.s.l.; the sloping, however, varies

considerably from place to place, only the eastern flank

(Estergebirge) of the northern part shows a fairly homogene-

ous structure with an inclination of approximately 300 to a

height of 1300 m above the river.

The nature of the valley floor is characterized by meadows,

small forests and urban districts (Fig.2) marking this area

as one of considerable inhomogeneous aerodynamic roughness.

This description is completed by two pictures taken from dif-

ferent locations: Figure 2 shows the view from the Hbhenberg

over the northern part of the valley elucidating both the

patchiness of the valley floor and the afforestation of the

walls. Conversely, Fig. 3 shows the view from the Wetterstein

range towards NE, thereby demonstrating the isolated location

of the Hhenberg ('H') at the valley entrance.

3. EXPERIMENTAL DESIGN

3.1. Tracer Material

The tracers were zinc sulfide fluor2scent particles (FP) from

the United States Radium Corporation (USCR).

The tabular survey shows the main material properties: Color,

particle density PPG (particles per gram),mass median diam-

eter MMD, and the particle size distribution.



Type: 2210 Green/Lot H-1096

PPG : 0.91 x 1010

MMD : 3.6 im

Diameter (Microns) Percent

< 0.75 4m 5.0

0.75 - 5.5 tim 92.9

5.5 im 2.1

Physical characteristics of FP tracers

This type of material was used in the first 8 experiments,

thereafter another lot (Lot 15) with similar characteristics
10(PPG = 0.92 x 10 , MMD = 3.2 im was used).

3.2. Release

The dissemination of the aerosol was accomplished by a

Metronics Model 8 Blower Generator of the series'widely used

in the field' (Leighton et al., 1965). With regard to the

forested area, however, a direct release was inappropriate.

Instead of this, the particles were released via a tube ex-

tending to the tree top height (8 m). The 'blowing nozzle' at

the tube's end can be seen from Fig.2.

Following Leighton et al. (1965) and, therefore, denoting

'the number of particles made airborne per unit weight by Fs

and the weight of FP fed through the generator by W, the

source strength or the number of particles released is given

by the product W.F'. Hence, the release rate is Q = (W-F )/T
s s

or

(1) Q = w

u being the duration of the release.
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With T varying between 40 and 60 min, a constant feed rate

of

W -1
(2) - = 85 g min

T

was used in all experiments assuring sufficient coverage in

all cases.

Assuming a dispersal efficiency close to unity, Fs is approx-

imately reflected by the 'number of primary particles in the

undispersed state (PPG)' (Leighton et al, 1965). Hence, with

the PPG-values of the tracer material used, the emission rate

Q is obtained as:

(3) Q 1.3 x 1010 particles s-1

In the further treatment of the data, e.g., when deriving the

relative concentrations S/Q, this value is to be used for all

experiments.

3.3. Sampling

Tracer samples were collected using H-shaped Rotorod samplers.

These were no Metronics fabricated devices but, in fact, the

Metronics standard type (as described by Grinnell et al., 1965,

or Leighton et al., 1965) was reproduced by our laboratory,

with a total of 20 devices.

According to the operational design, i.e.,'with two collecting
2

surfaces of A = 0.38 x 60 mm , a rotation radius of 60 mm and

a rotation speed of 2400 rpm (corresponding to a speed of the

collector arm of v = 2n x 6 * 40 cm/s = 15.1 m/s)' (Leighton

et al., 1965), the apparent sampling rate F' = 2.Av is esti-r
mated to

-1(4) F' = 41.3 1 min
r
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This value is modified by considering the Rotorod efficiency

'q, which amounts to about 65% for the particle size range

used in these experiments and with rods coated according to

standard procedures. Hence, for actual dosage determinations

the true sampling rate 1r =fl. F' is to be applied, namely:
rr

-1
(5) F = 26.9 1 minr

Before each experiment the collector arms of the Rotorods

were 'manually coated' with special silicone grease according

to the recommended standard procedure (e.g. Grinnell et al.

1965).

During the experiment all samplers were fixed to metal posts

at approximately one meter above the ground, as is common

practice in comparable field trials (e.g. Archuleta et al.,

1978).

The samplers were operated on specially designed 9-volt d.c.

battery systems providing constant rotation speeds (with a

constancy better than that of the standard version (+2%)

during a several hours run).

The samplers were energized just prior to a release. After

cloud passage the period of operation was 'held to a minimum

in order to avoid obscuration of FP by atmospheric particu-

lates deposited after cloud passage' (as has been recommended

by Leighton et al., 1965).

3.4. Assessment

After each experiment the particles on the collector rods

were counted by means of a Zeiss microscope of magnification

160x (10 x eyepiece and 16 x objective of 0.35 N.A.) with

incident UV light (to excite the fluorescence).
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In most cases the population proved to be of low ,ensity

(with particles less than 1000) and, therefore, no 'snecific

area counting with reticle grids' (as is common practice in

case of medium and high-density rods , e.g. Archuleta et al.,

1978; Leighton et al., 1965)was applied in visual counting,

but the entire collecting surface was scanned to obtain the

total count.

3.5. Errors

The operational errors inherent in the FP technique have

been carefully studied and reviewed by Leighton et al.,

(1965).

According to this, in dissemination with the blower generator,

the main error in source strength determinations originates

'in the uncertainty of the value used for F '. This error,5
expressed in terms of 90% confidence intervals, was found

to be of the order of +5-10%.

The random errors in sampling and assessment typically prove

to be in the order of ±10-12% (for 300 particles counted).

These values of the 90% confidence intervals, which are

based on 'close array experiments and an assumed Poisson

distribution', increase to approximately 20% and 30% for

particle counts of 100 and 30, respectively; sample counts

of fewer than 10 particles are recommended to 'be regarded

as not significant'.

We found the differences in the counts of the two collectinq

surfaces (whose sum yields the total count) within these

limits.
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4. DATA SUMMARY

4.1. General Survey

A survey on the experimental specifics - release data, mete-

orological conditions, number of samplers at different areas

of interest - is given in Table 1.

As to the propagation meteorology, the stability class was

determined by the most widely used diffusion categorization

scheme discussed by Pasquill (1961) and Turner (1961), and

the mean flow was specified by an average wind speed between

ground level and 300 m height (source level) deduced from

the pibal measurements. According to this, the stability

ranged between B and D categories, and the windspeed varied

between 3 and 7 m/s. Most (10) experiments were conducted

during the summertime with well-developed up-valley winds,

whereas the remaining four experiments represent winter/

spring cases with partly complex meteorological conditions

(inversion structures and in one case (No.12) unsteady winds).

The column 'number of samplers at....' in Table I was added

to show at a glance what part of the area had been of primary

interest in the specific experiment.

Anticipating the more detailed Tables I - XIV, Table 2 sur-

veys the experiments with three and more samplers at the

mountain sites (the locations are specified in Fig.1 by roman

numerals from Wamberg I to Kreuzeck VI). The table is intended

to show the orders of magnitude of the mean concentration S
-3

[particles m 3 , where S is defined as the quotient of meas-

ured true dosage and sampling time (duration) T (see 4.2.).

The comparison with the (maximum) exposures at the Garmisch

basin (valley floor) indicates,that occasionally substantial

particle concentrations may be found at the mountain sites

even at considerable lateral distances (in the last column y
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denotes the lateral distance from the ground-level plume

centerline); in case of experiment No.13 the concentration

was even higher at most mountain sites. Appropriate inter-

pretations are only possible with the results from auxiliary

aerological soundings.

4.2. Contents of Tables

The results of the 14 experiments are summarized in Tables

I - XIV, with all tables designed in the same way.

The upper part of each table contains information on the

duration of emission, the mainly investigated area, and the

meteorological conditions.

To specify the windfield, the results from the individual

pibal stations - with bases at normally two locations (de-

pending on the area of primary interest) -are included;

the respective mean values are denoted by u1I and u 2 and were

used to derive the mean windspeed U. Since the aerological

results have been extensively illustrated in previous reports,

none of those figures have been reproduced here; to complete

the compilation they are frequently referred to in the tables,

however. In order to facilitate a search, the respective re-

port is referred to at the legend to each table.

The data of the tracer measurements are summarized in the

lower part of each table.

The positions of the individual samplers (denoted by capital

letters) are orientated at the ground-level plume axis (time

mean path) and defined by the distances 'along the axis Wx)

and in the 'lateral direction (y)'. A topographical map

(scale 1:25 000) has been used to localize the plume center-

line (location of maximum exposure).
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Figures I - XIV show the respective centerlines together

with the sampler locations and the particle counts for each
experiment. The tabular description of the sampler locations
is completed by the columns 'altitude above sea level' and

'height difference source - sampler'.

The particle counts are denoted by DT , where the sampling

time T (min) is indicated by the index.

The particle counts D were used to determine the mean par-

ticle concentration S according to:T

D
(6) S - TF .r

r

where F = 26.9 1 min 1 (see Eqn.5).r

In the tables, S concentrations are converted into particles
-3 t

m

When discussing dosage or concentration measurements, the

Gaussian plume model is often used as reference. This frame

implies the incorporation of (empirical) dispersion coeffici-

ents, whose values are, however, mostly based on sampling or

averaging times of about 10 min (e.g. Turner, 1970). In order

to provide a data set which may conveniently be compared with

standard model entries, the S concentrations were converted
T

according to:

(7) S1 0  = ST  (L/10) 0.2 , t [mih].

In case of T = 60 min, the S6 0 values have to be multiplied

by 1.43, a conversion factor well known in diffusion meteorology.

The last column contains the product S.U with units of a par-
2

ticle flux, P/(m s). Using the emission rate Q (see Eqn.3,

page 9) one immediately obtains the 'wind-speed-normalized
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-2
relative concentration' SU/Q (with units of m ), which may

be the most convenient entry when comparing dilution rates.

5. FINAL REMARKS

The data set of FP tracer dosages obtained from samples at

ground level (valley floor) and surrounding mountain sites

provides a base for further analysis of the dispersion proc-

esses in a mountain valley for a variety of meteorological

conditions including inversion cases.

Since the dispersion is believed to be related not only to

small scale turbulence but also to 'organized' divergence

fields occurring within the mesoscale mountain-valley wind

circulation (e.g. Fosberg et al., 1976),any forthcoming

data analysis should consider this aspect.
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PRESENTATION OF ALL
EXPERIMENTAL DATA

Right side : Tables (I-XIV) - Data Summary

Left side : Figures (I-XIV) - Each figure gives
the location of the ground-level plume
axis (time mean path) according to the
particle counts of the individual
samplers for experiments (1-14).
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IABLE I : F' - TRACER ExPERIMEN'r NO. 2 iFiGS. SLE REPORi NO. 3

Date 26 June i75

Duration of ;iids ion 11.00 - 12 00 C I 060 1i] )

Area Northern Part of the val e

Wind direction N - NE (FIqs, 5, 16,

Mean wind speed between
grourd level and 300 m neioht U 6.0 m/s

Cloud cover / height 1/10 - 2/10 Cu / 2000 - 250Ar m a.s. I.

Atmospheric stability sliqhtiv instable to instable Fln. 17

Stability class f (B

Wind speed (m/s Ascent Fq.

Oberau U 1 5.5 B - F - ( 12

Far,.hant U2 6.5 D - i - I 13)

Mean U 6.0

%arioe- Distance Altitue Heglht differ- Numrer of Particle (P) Derived Particle

almg axis lateral above sea ence Source- particles (P) ccncetratfc n (P) - cancer- (F) FILP

directlm level sample r collected 60 mm!; traticon/10 m1n

x Y f l 060 S 0  S1 
= S SU

(ml iM ]n) ;P per iis [P Der 7r. .P/(0 SI

A 2850 500 653 297 56 35 50 300

B 3150 200 653 297 713 442 632 3792

C 3250 - 75 h53 217 814 505 722 4332

D 4300 400 655 251 414 257 368 22f18

E 4451) 2510 655 29 FrOB 377 1 30 3234

F 4525 -25(0 659 291 1(5 327 5 "216

G 462) -375 662 288 4 ,1 272 38')3 234

H 4700 -100 662 188 294 1)4 2, I 5r.

) 325 321 F677 272 491; 3r7 43, 2,34

737, 12 5 "77 25 lv 35 474 :874

K 750(0 - )1) 11(W 12 l14 4 3
>  

241! 1 i

7100,!) -4,i, 44 *, ,' 4 1444) 42(1 2118R

0A~ 4 ' K' 8

MI

0ii

A 1 , ., , * r .

I / -

5 4 .,>'... .: I
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Area N N rthe rii p, t (i t tiL ht: ,, Jr

WId dire(t i on - PiL ;F N1 2. , ,,2

Mean wind soeed between U - ,
ground level arid 300 m tie i grit

Cloud cover / height 1/1u - 2/1C CLI / /ULLI it, .,.

Atmosotp rit stabilitv i ntajlt- f 
,t ,

Stability clas :

Wind speeci it/s As/eit Flq.'

Oberalu l1  "'t) A - [ 'i

Farchant C, b.5 - -

Mean : 5.5

Samiler Dlstaol-e Al titu e *,I't a. fet- Ni' ' .tr:.- -

alor-i axis lateral aboive sea eIO SOurce- jarLl"IeL l' : t' :t ,
directioni level " K,.p t Loi nivi ",

x Y i .

A 2850 7i N'53 /(/ WI i

B 310i01 NNC ) 53 ( '7 A96

C 3225 2/N W" 2W /O '

D 3250 -8(LD (N I 2 "s /7',

E 42Y) 755 1 45 24 i I

F 442N NNII I5 N >',"

G 44'Ni 14) *' '
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IAbLE VI: FP - IRA P [ ,i"1ENT N. , '" " N

D Ite z, hl w

Durat 10" ir ' rI I 12.-X K "

Area 'r , r t. -

Ilesri w ini speed beteer. . "1

Uruurd level an' 300 i hei nt

Llo d -Over e- / /'Cl /it 211 1' r s s , a.

At rr op'er , ta:', It, I S t I: 1 1, t 1

St i)1 i Itv Ilass

;Jr ha tU1 = ,]A F -F ,,2

Ir Ist ute P.7 -U,

'lear ' . )2

'23,r5:er Distare Alt ti tude rilgnt ilffer- ,'rer , t Particle P,
along axis lateral awve sea er-e Source- Darticles IF, cc-ei'trat , , _ , .

lrectlim level ;a:sioI;er collected .'fr tr-t'S,, a

Fr] m' ma F-1 , r 1:3. , ,

A 315r 575 643 297 257 239

B 75,7 2 ,- 7- 2 218 j 203 2 1 17

c 755 S ', 272 327 301 4)1

7 422,4 517 481 E5l

-E -W9 258 252 234 30q 20)0'

F .)(2 351 325 430 27I7

i) ', ', a
,  

2 5 376 350 462 3003

1-0 5 , 7 170 112 104 137 j 8 t
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IABLL VIII: FP - TRACER EXPERIMNI NO. 8 IFIGS. SEE REIORI NO. 3.

Date 3 Awwtrtt 19/,

Durat lrir of emI sIofr u.!I() - 2.40 (I) (i4o ill

Area Nor thorn aI3 It l) I t V 11 leV, (,rml I )! 1 111, 'kul lt 11 -

W11: I i rectIon N - Nf I . ,, ,1, Il)

Mean wind speed between
ground level and 300 Ill height U - .11 J/H

Cloud cover / height 4/10 - 5/10 (rJ / 200i m a,,.'.

AtnOsPhertc stabIlity : s IIcIhtlH rV 1 ta rle, D se of Ir lr ,I 'I 1 tI I ! I .

StablIt v c io (

Wild speed (nl/s
I  

A; ent (IF ,1q.

BurrraIrn : -I1  t l[ B - (1 (981

InstItute : 12 = 9.0 E - F -

Mean : U 5.0

Samp I er Distarxe AlltItude leiht differ- NtjrrrUer 0 a -rticle III) !A.r I vLGI-

acgr axis lateral above sea ence Source- articles 0 con:entratlci P) -0 C'ktl-- ,',;

dlrectlmn level Samrler collected O ipr trat40 r1'11

X h h D )  IL . S

IL mnl [lii Il .1J lxDr fiv : .l l er w '" i

A /32, 275 678 27 7,?( 8 11,

B 89/9, 1025 692 '58 4p '3 8' 1

C '9075 675 688 262 108 10O 13? 60

D 9225 150 l8 2691 110 288 W8 1,100

E J715 U125 780 170 3q P6 48 1240r

F r0/00r 2479, / 10 .'940 50 47 62? 1 310

G 11291)0 20/9 10r7 24 !2 113 14q 7 45

1 119/S 1~I /1)77 241 159 19M 19Q4

I 1/Of) W79 //3 219 230) 21, 13 21

11n I~~' 1", 7 1953 3 30r7 4) 002

K 8f/ 17 8110 Ill 30' .)81 W1] l8xi

L 9rO 11 77P) 180 399 V/1 49 2

m 1911 r II/190 Inh MR3 41 3.O,

N 14rr 1/8, 0 i(P) 800 44Y,6

Q1 i lvopirn hill2131~ 1 'm

R la~r 1' 11 : H 'IL

s 'rri.' elf: 1, -- 12 VS0
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TABLE IX: FP - TRACER EXPERIMENT NO. 9 (FIGS, SEE REPORT NO. 4)

Date 11 November 1975

Duration of emission 1245 - 13.25 CET (40 m1n)

Area Northern part of the valley

Wind direction NE (Figs. 5, 6, 7, 8)

Mean wind speed between U = 5.5 /s
ground level and 300 m height

Cloud cover / height Cloudless

Atmospheric stability Neutral, base of temperature Inversion between
200 and 400 m (Fig. 9)

Stability class D

Wind speed (m/s) Ascent FIq.)

Oberiu i = 5.5 C - G - H (3)

Farchant u 2 F,.O F - I -1 (4)

Mean U = 5.5

Sampler Distance Altitude Height Jiffer- Number cf Particle (P) Derived Prticle
along axis lateral above sea ence Source- particles (P) ccieutratlcm (P) - concen- iF) FILD

direction level Sampler collected 40 rin tratlor/lO rin

X Y h h 04) $40 SID t S SU

im] ml Im, M P Der m
3
] [P Der sr [P/(rsj

A 1750 225 645 305 283 263 347 1909

B 1850 n 645 3010,  
035 9q8 607 314

C 1950 -225 645 315 126 117 154 847

D 2575 725 650 296 10 0 0 0

E 2900 625 650 300 119 111 147 80q

F 3175 '75 600 300 374 348 459 2525

G 3300 0 600 2q 526 48q (4
r  

3548

H 3425 -/001 f55 295 292 272 309 j 1920

4425 950 h,61) 2 r0 -q (. 0
4475 67 h6tj in 32 Vih 40 2')J

K 4525 3/5 60 '') I17 IS 1r J44 74'!

L 4650 175 0' .. 1
'
0 1In i4, i '08(1

M 4770 0 , >6 174 1'. '14 1177

N 732, 50- - ,, 8>0, 0, l'i' /71 I,

0 42% '7' i I l', l, I

7t;+ ' ... '" '" I

ST ] ' :/ ' '"'"' "'1' 'A: /1"' ,L

__ -__ .1
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TABLL X: Fi - TRACER EXPERIMENI NO. 10 (FIGS. SLL kf JRI NU. 4-

Date I , December 1-75

Duration or 0!ehilorl g 13.1(1 - 13,40 (Cif 5(( mrin

Area Nortern Part ol te val le ,

Wind dlirection NE 8I10 i Ihal low 11)1 r) l)r)ttrlS !,ier, vjovte
that SSW (toehi, see -is erit F IFi ;. L2

Wind speed WWithin the cold. hl:i lkw OOtttum 05vt- wei 61l1,0
velocities (1-2 in/,), above thot - within 11,e loin
current - wind -,eed, LIP tO q /ll / it Y(Y] r!

helitt, see ascont F f Ig. 121

CloLid cover / heiqt 9/10 - 10/10 Cc, ril tlu] stratui , Lxa1K, in te vil ev

Atnosoheric stabi lity lIfted ornO DId sed loversi nn ,e hetweer' i00 rn]

300 no, see Fin. 18 awld i

Stbility Class Undefined

SamPler Distance Altitude Helqit differ- Number of Particle IF, DerIved rt i e

alogn axis lateral above sea erne Source- particles hPi co'cetra2t: 14 'P) - cU.Cief)- I

direction level Sampler collected 40 ric trtl.4,/a10 !!TI
8 Y h h ,I s50- 3 I b

1i) (ln] [nl] [m) .P 1 Lar i. ' :a~r ,
i1~ -

A 1700 150 645 305 86 5i

B 1775 - 75 645 305 i08 1nn I'

C 1850 300 65, 31(5 48 45 Y4

D 2650 500 655 29 T,9 114 88 P

E 2975 300 f,5f) 310 111 /I 12 7

F 317, 1 f10 3110 00 5'q lii

G 3175 400 655 245 1 i7 I

H 3300 -1075 f6 0 2 ' I 1 14
88--2- 3-- - 6 - - - - 2-- - -- - - -

J4421 -, ( ' H ,:-' 1

----------- - -

Ct

/i2', 57', ...6'I,, , ! ' .'5' '1 -* 5
N /2511 l1 FIh' "4 . r '  

:

--- ------------------- -T --

I III7 ' )

N _ /),)1

. | ..
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IABLI XI; FP - TRACER IXPERIMINI NO. 11 (FIIGS. SEE REPORT NO, 4)

bite 8 March 1g76

Duration of emi-,u lu 1.30 - 12.30 1 (60 mi)n

Area Northern part of the vallev

Wind direction NE Fills. 23, 24, 25)

Mean wiilnd Speed between
ground level and 300 r het i5h .0 v ,(

Cloud cover / height 3/10 SC, 10/10 A, / 1400 - 1700 m (Sc), A 390O m a..I.

Aramosperlc stabi flty Elevated temnerature In/version (base: 300- 400 m'
above a slihtis stable bottom laver (Fit. 26)

Stability class D

Wind 3cleed (im/s Ascent OF IU.

F.irchant 01 5.0 B - C - 1) - (22

Mean U 5.0

Samoler Dtstarice Altitude l*lgt differ- Nwliber ot Particle kP) Derive Icrticle

along axis lateral abeve sea ence Source- oatlcles (P1 cocentratlnll (P) - concen- (P FLD.
dlrectlocn level SampIler collected hOi: traticr/10 MIT)

X Y h h D60 Sn S10 -S SL

lml [mil Inn (in! : ce r F' 1Pr nrf. 3,

A 1700 525 645 305 188 111 7 31

B 1775 300 645 305 821 605 728

C 1825 25 645 305 q32 1,78 827 41

O 2F,5n 85) 655 291 q0 S 80 401-

E 2975 625 650 3!ln 173 1(17 153 '1- I

F 315(; 3(1 650 3" 1 302 187 27 I

G 3150 - 75 h55 215 /7R 481 688 344

H 3250 -750 655 295 57 1,) 3 ,,65

I 4400 575 W0 /90 [)23 4 4,3

4400 275 660 ?W? 14 q88 841 14),(11

K 4550 7 l'65 28" Al' fi4, 4  81(/2 14(f)
L 4Q 5 - 50I Y, ,'k I; g" ,8; ') l -, (

M 7250 47r . . " 248. I S4t, II I (,T41 64,41

N 72) 1,0 00 1, ,v I vn 86 141(4 /1(4',

0 7)y1 5(( 5 ,;1, 'O'] l 
1w 8', 62,.

P /26) -'4. .4. :a2,'1 WAZ llI lv,'

8]tjh (J '(7), , 8' , , ) I " , I. 'b,
'

I '' I"" - ' ' .. " 1 .' ' '___,,_ 
i

, I _ __.
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TABL XJ FP - IRA0r kXP HIMENr NO. 12 .F( i , Usji* N(,.

S)a 14 AOI ] 1/)F:,i

DuratL OT t 1011 1 .15 -emi F oni I ImIt I

Area Nofrthern Part of tiw v,11.4 -

Winld direction HlqIs unsteAV dLirl ]i trE" e miv . ,

NE at the benlii r? arid the i: i t -

and D, Fins. 30, 31), ,r , 1' t '
Fig. 31', resoectivel

Mean wind speed betweeni Weak velor ities of 1-? m/ i:;I, ',! i,' itIw
ground !evel and 300 m el 91t)t of a seana] vAue qitt i ndtI 1' 1 'n -in

dIrect ions not mieanni gt u

Cloud cover / fieight 8/10 Cu with subseluermt ( i ";r ' ' 240 0 ,.

Atmosoeric stablity neutral to s Iint lr ,stn 1- 34.

S3abilty class C

Sampler Distance Al t i t Hei't citfer- N siber of Particle (P) Derived trt cle
a wg axis iateral wove sea ence Source- narticles P cdrcentratlc

, 
(P) - coricer- P F!

directi; level Samr I r ccllectec 15 von tratiaIO1- rin

4]45 ILI° C

i [m] [r: :P . er :O] I . prr i' ,

A 1800 0 645 305 21 ( J;' 23 '

B L750 .275 6;45 30B 57 4

C 1725 525 645 305 ]i s

D 2750 0,6 _5 'ii, 511 ',1 >
E 3125 250 650 300 420 34q 471

F 3300 500 650 300 32 27 3

G 3300 925 695 2q5 (1 42 57

H 3575 -1575 6 222 18 24

/4525 )125 F, 64 335 452

J 455,0 4"6)2 q (-I Iq 1 i 4

K 4700 4'S t60 5 7 , 1 1 ';2 17 8

L 4825 2 750 FOS , 1 I1

M 7375 375 ') f' i51. 124 I

N 74 5 '' , 4 ' 1. i l,

0 7 4 /, 1' ,'0' k .!7 1 ', 4 4

o Y// ''2 7.q' ' I.'i I, I
/

...... .... . .-- - - - . ..

- 4

5 3/0 . r I . , I''
'40 . .. . L ',(, i%
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IABLE XII: FP IRACR EXPIRI:ALNI Nu. 13 SlGS. Ni! _iv' S,

Dur- t i ot o ;l S; L[ t! 'E em i.~ : ' ut,4, ,,Ot e j N

Ares N <{I, ,r' * D r ,i .' . i . i ' . , , i IJ.

Wi:J dlrect. i ji - 5! d,

Mear yqr21 spetd etween
ground level Ad 300 m ,

Cloud cover / elnict ;/1) -/10 f/ 3.

AtlospilerIc sta lity 4t441 4i I
Statlility ,' lais F c

Wind speed m/s A t Fig.

%rchant : 1t]1  6.0 - 37

IstItute 6.0 D - - 3

Mean U , 0

SsnpIler Distance Altlto 1l,-t aiffer- NullToe l artricie ,P} 1r - '.C

along axis lateral above sea ence Source- Partlcles (PI ccxcef'rat ,F - ,; e-
dlrectico level Sampce; collectec I.:' trJt* c "n I

I

! YI6 :U 5,.,
Im) nmO 324 imS o r- r r,I F pr .' .r,**S, S

A 7325 -200 665 ?85 143 1<' It 1

B 7375 -425 670 280 qq 8) 111

C 7450 -750 680 270 133 ,11 14

D 7500 -1050 690 260i 74 1, I 27

E 9100 175 680 270 98 /1 14[<,

F 9250 -725 680 270 107 8 
:  

120 720

G 1025 1950 780 17n 47 31 53 3i

H 11275 1050 710 24 3 52 7 420

1 11800 375 710 24n 125 1 0n4 140 4u

11850 -325 710 240 1ft 83 11 672

K 11875 - 1125 710 24!) 71 s 80

L 11275 -1500 715 235 41, 37 50 300
N (151 7! : . . .4-3......... 130 . . . . . 45 .. . . 7. . 5...... . . --... . .----

N (13750) (-4725) 740 ?10 ?2f, 2 3?

-- - 12725, (-3F,25 800- - ---------------------------------- 7-

P Ibauer 1 no 17

0 Bave rl HI 15! -4 P7A, 130 21'h1 )h

R (arm!, F!r t , 1334 -7 ) 2*80 7) Ut:

Y.r.e I' /W 74 ' f 0



Aerosol release
mountain

950Gm
KM 07 07 1976

5
Counted aerosol particles

Oberau

2/

Farchant

93

/6 N

Fig, X/



TABLE XIV: FP - TRACER EXPERIMENT NO. 14 tFIGS. SEE REPORT NO. 4)

Date hit, ul,711,7

Duration of emission 10.30 - 11.30 CET (60 11111)

Area Northern part of the val lev, Garmi ch basin, mountdiri 'd it'

Wind direction NNE, NE (Fis, 47, 48, 4q, 50)

Mean wilndspeed between

ground level and 300 ml height U 
= 7.0 rn/s

Cloud cover / height 1/10 Cu and 4/10 Ci / 3500 in and 10 000 pi a.s. 1.

Attrsoheric stabi lity instable (Fig. 51)

Stability class B

Wind speed Un/si Ascent (Fig.

Crcnant :65 B - D - E - F (45)

1'IstItute : 2 7.5 G - H - I - ( 146)

: : 7.0

,Jr>ler Distance Altitude Height differ- Number of Particle (P) DerIved Drtlcle

along axis lateral abDove sea ence Source- particles (P) concentration (P) - crcren- (P) F]L

direction level Sampler collected COmin tratio/lo min

y 3 h h E60 S 60 S10  S SU

imn, 7m] Dm) [m] 'P er m
3  P per nr3 :P/rs)!

A 2852 800 655 295 76 47 67 4 q

B 3175 450 650 300 92 57 82 574

C 3250 -650 655 295 77 48 69 483

7375 1225 665 285 73 45 ,4 14u8

7 450 1000 665 285 88 55 I 5 753

F 7525 750 665 285 117 73 1(14 7,

G 7625 450 680 270 153 05 1 31

S 770n 175 690 260 l9 1_ ' 172 1

1 10000 3625 780 170 51 - I 7 -]
j 11925 2975 710 24 3

K I 16,) 2500 710 240)

S lhI 19f(] 710 2140 19 1 i

1201f 1110 710) 240 42 .

N 1)50 1"i0 715 235 1q "i.

15~ ,/. 1 z S 870 11D) r, I
0nhi25 /0(( 71(0 1 I'r ,)

R W / hi41r 12 -/n

S (arm / ''r 4 4,; ;I - Ii

T I~rq / ¢wI, iJl ll1
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